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Title of the Invention: /2 
METHOD FOR MANUFACTURING SEMICONDUCTOR INTEGRATED CIRCUIT HAVING 

MULTILAYER WIRING STRUCTURE 

Specifications /I 

Method for Manufacturing Semiconductor IntegratedCircuit Having Multilayer 
Wiring Structure 

Technical Field 

This invention relates to a method for manufacturing a semiconductor 
integrated circuit having a multilayer wiring structure. 

A- highly • i n t egr at ed--semi GOBdH©to^-i*ntegr at ed circuit is composed 
generally of a plurality of sub-circuits having various functions by stacking 
wiring layers forming basic elements . 
Background Art 

A semiconductor integrated circuit having a plurality of sub-circuits 
is shown inFigure 1 . This semiconductor integrated circuit A has aplurality 
of sub-circuits SI, S2, Sk (k=6 in the example if Figure 1). The 

sub-circuits can be large-scale functional blocks, such as a CPU, memory, 
DSP ' A P... converter and I/O interface, may be relatively small-scale or 
basic sub-circuits such as an adder, multiplier, multiplexer or flip-flop. 

Furthermore, the functional blocks and sub-circuits may be digital circuits, 
analog circuits or mixed signal circuits. 

The semiconductor integrated circuit A has a multilayer wiring 
structure comprising a plurality of wiring layers (N-layers) as shown 

* Number in the margin indicates pagination in the foreign text. 
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in Figure 2. A lowermost layer (1 st wiring layer ) provides a wiring connection 
betweerrbasxc ^elements* ( transTst'orst^ f armed'on a semiconductor substrate , 
and is the wiring layer which constitutes a basic logic gate, which is 
a NAND gate or an inverter in the illustrated example, as shown in Figure 
3. Input/output signal lines for the basic logic gates appear on the 
stacking surface of the 1 st wiring layer. Shown within blocks of this 
drawing indicated by dotted lines are basic elements, which do not appear 
on the surface of the 1 st . wiring layer. The 2 nd wiring layer provides a 
wiring connection between the basic logic gates formed from the 1 st wiring 
layer, and is the wiring layer which constitutes relatively small scale 
sub-circuits, as shown in Figure 4, for example. Input/output signal 
lines for the sub-circuit appear on the surface of the 2 nd wiring layer, 
but logic gates or inverter's which constitute such circuits do not appear 
there. The i th wiring. layer (3<i<N-l) is a wiring layer having sub-circuits 
formed up to the (i-l) th wiring layer wired and connected to each other 
and constitutes a. larger-scale sub-circuit. The input/output signal line 
of the larger-scale sub-circuit appears on the multilayer face of th4e 
i th wiring layer. The uppermost layer (N th wiring layer) is a wiring layer 
having 'Ihe ^sub-circuits TsiT " S2T 7 7^7 SkT^f corned of an N- 1 th " wiring layer 
Wired and connected to each other to constitute the semiconductor 12 
integratedcircuit A. Only the input/output signal line of the semiconductor 
integrated circuit appears on the multilayer face of the N th wiring layer, 
as shown in Figure 5 . 
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The step for stacking each wiring layer is performed as shown in 
Figure 67 -"Firstly aTtKougTTn^ a" product from 

an immediately preceding step, namely, a substrate in which basic elements 
are formed, or an immediately preceding wiring layer is first deposited 
thereon of an oxide layer 11 such as formed by Si0 2 , as shown in Figure 
6(a) . In a photolithography method, a mask is formed on the oxide layer 
11 thereof for junctions with wirings or basic elements just below it, 
and then the reactive ion etching (RIE) technique is applied to form openings 
12 , as shown in Figure 6 (b) . These openings 12 are filled with a conductive 

material., such as tungsten,. to-form- j-unGti^ns- (stubs) 13,: as -shown in 

Figure 6(c). As shown in Figure 6(d) next, an oxide layer 14 is formed 
by Si0 2 deposition. Photolithography is applied to the oxide layer 14 
to define a mask' and the reaction ion etching (RIE) technique is applied 
to form grooves 15 for regions to be wired, as shown in Figure 6(e). 
A layer 16 of a metal, such as Al, W or Cu, is formed, as shown in Figure 
6(f), and the metal layer 16 is then subject to a chemical-mechanical 
polishing (CMP) to expose the oxide layer 14. Wires 17 which fill the 
grooves- 15-f-orm a wir4ng"17~-whieh-4s'-coniieeted to the junctions 13 and 
also connected to the underlying wiring layer (not shown) through the 
junctions 13. Steps to stack a wiring layer may follow a procedure shown 
in Figure 7. In a similar manner as illustrated in Figure 6, a condition 
as shown in Figure 7(a) is prepared in which junctions 13 fill in an oxide 
layer 11. Subsequently, a metal layer 16 is formed over the entire surface, 
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as shown in Figure 7(b) , and the application of the photolithography and 
the- RIE • technique fom -\^T^^lT--icoTcniecrtret3 ttrthe -junctions'-' 13 r as shown 
in Figure 7 (c) . An oxide layer 18 is then deposited over the entire surface 
as shown in Figure 7 (d) , and the surface of the oxide layer 18 is planarized 
by CMP, as shown in Figure 7(e). In this case, when openings 12 are formed 
to provide the junctions 13, the openings 12 should contiguously extend 
to reach the wires in the underlying wiring layer. 

A method for manufacturing, a semiconductor integrated circuit with 
a multilayer wiring structure has been briefly described above. In a 
conventional-method^ integrated circuit, 

there has been no practice of testing basic elements or sub-circuits which 
have been already formed in the course of the manufacturing steps. /3 

That is to. .say, a test of the semiconductor integrated circuit was 
performed by placing a probe in contact with bonding pads of a chip as 
shown in Figure 8 after the steps of manufacturing a semiconductor integrated 
circuit chip have been completed to provide an IC in a wafer state, inputting 
externally a test pattern to input pads on the circuit being tested, and 
observing a voltage response signal on a power supply pad of the circuit 
being tested or a current response signal through a power supply; pad of 
the circuit being tested (wafer probing, die sort) . Or, a test pattern 
is externally input into an input terminal (pin) of the circuit being 
tested, and a voltage response signal on an output terminal (pin) of the 
circuit being tested or a current response signal through a power supply 
terminal (pin) of the circuit being tested is observed to perform a test 



of the. .semiconductor . in^SC^S^ci^uiJ^.^Ba5^agfs_ test or .f inal test) , 
Such tests will be hereafter referred to as final tests. 

A stuck-at fault test, delay fault test , quiescent power supply current 
(I DDQ , quiescent power supply current) test, functional test, exhaustive 
test, and the like also are performed as final test on the semiconductor 
integrated circuit. The stuck-at fault test is a method for observing 
the effect of a fault on a prescribed test pattern according to voltage 
signals through the output terminal of the circuit being tested, a fault 
in which a stuck-at fault is fixed at a certain constant value assuming 
stuck-at fault (a fault where the logic signal of the signal line is fixed 
at a certain constant value, a fault where a signal value is fixed at 
"0" is referred to as a stuck-at 0, and a fault where the signal value 
is fixed to »l» r is referred to as a stuck-at 1) on a signal line in the 
circuit being tested. The delay fault test is a method for observing 
the affect of a fault on a prescribed test pattern array according to 
a voltage transition signal through the output terminal of the circuit 
being tested, assuming a delay fault in a signal propagating path or logic 

gate - inside. -the -eir-Gui t-43ewagr--fees-%-edr---.febafe~-i-s -to- say, a fault- wherein -- 

the time required for a signal to propagate through a signal-propagating 
path or a logic gate (delay time) is larger or smaller than a prescribed 
value (the delay. fault in the signal propagating path is called a path 
delay fault and the delay fault in the logic gate is called a gate delay 
fault). The quiescent power supply test is a method for observing the 
affect of a fault on a prescribed test pattern according to a quiescent 
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power-supply. -cur rent, signal- through -thepower-supply. terminalof-the. cireuit. 
being tested, assuming a short-circuit fault between a plurality of signal 
lines in the circuit being tested or a leakage fault in a basic element. 

The functional test is a method for test whether or not the function 
of the circuit being tested is operating correctly. The exhaustive test, 
is a method for testing the output response of the circuit being tested 
with respect to a combination of all the signal values in the input /4 
terminal or the flip-flops of the circuit being tested. Moreover, a stuck-at 
fault test is described by, e.g. M . Abramovici, M.A. . Breuer and A.D. 

Friedman ( Digital Systems Testing and Testable Design , IEEE Press, New 
York, Chapters 6 and 8 (1990); a delay fault test is described by e.g., 
in G.L. Smith ("Model for Delay Faults Based upon Paths" Proceedings of 
IEEE International Test Conference (1985) :342-349) and C.J. Lin and S.M. 
Reddy ("On Delay Fault Testing in Logic Circuits" Transactions on 
Computer-Aided Design CAD-6(5) (1987) : 694-703; a quiescent power supply 
current test is described by, e.g., S. Chakravarty and P.J. Thadikaran 
(Introdu ction to I DD0 Testing , Luwer Academic Publishers, Boston (1977)); 
and a transient carrenr^s^^S"d^c^Be'dl^revgv, M. Sachdev: rP. Jams sen 
and V. Zieren ("Defect Detection with Transient Current Testing and its 
Potential for Deep SubMicron ICs" Proceedings of IEEE International Test 
Conference (199J3) :204-213 and Y. Min and Z. Li ("I DDT Testing Versus I DDQ 
Testing Journal of Electronic Test: Theory and Applications (JETTA) 13 (1) 
(August, 1998) : 51-56 . 



7 



. I 5..°™™. to ,. facilitate testin 9 of a circuit being tested, moreover, 
a test-facilitating design technique, which affords testing functions 
to the circuit being tested such as, such as a technique (BIST: built-in 
self test) to integrate a self-testing function into the circuit being 
tested, a test-vpoint insertion to improve the controllability and the 
observability of an internal state of the circuit, the scan design technique, 
the boundary scan, and the like. A test facilitating design technique 
•is given, for example, in chapters 9, 10 and 11 by M. Abramovivi, M.A. 
Breuer and A.D. Friedman ( Digital Systems Testing and Testable Design , 
IEEE '' Press," New York, 1990)"".' ~ ' """ 

However, as the circuit integration level rises to a system LSI, 
for example, in which a memory, MPU, DSP, I/O interface, and the like 
are Integra ted -ihto a single chip, the number of faults subject to tests 
such as the stuck-at fault test, the delay fault test and the quiescent 
power supply current test, will be enormous, prohibiting a testing of /5 
all of these faults in a practicable length of time. In addition, in 
the exhaustive test , the state number corresponding to the number of internal 
f lip rfl.9P.s..ioc.r ea.se s....a.s.,an.e^.Qnejj.tia.l.Xun,Q.ti.on, .making it,.. vary. difficult, 
to- carry out such a test. Furthermore, as the circuit scale increases, 
an increase in the number of functions contained in the circuit being 

o 

tested results in a tremendous figure for the number of test patterns 
which are required to test every function in the circuit. 

As described above, in order to test the functions of the circuit 
being tested by the final test, an increased length of time is required, 
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and the testing cost of the final test increases. On the other hand, 
a large-scale integrated circuit cannot be subjected to testing all of 
the stuck-at faults, delay faults and short-circuit faults, presenting 
a problem that a high fault coverage rate cannot be obtained. 

Furthermore, since the rate of increase in the number of pins of 
an repackage is low in comparison to the rate of improving the integration 
level of a semiconductor integrated circuit, an external access to signal 
lines within the circuit will be further difficult in the future, making 
the final test of the semiconductor integrated circuit very expensive." 

Tn ad'dTt ion ; the * "pf Tor' ar t ^pro^eduFe^f " testing the' semicoriduc tor 
integrated circuit by the final test has problems because it is impossible 
to detect defects in manufacturing or a malfunction which occurs during 

the. manufacturing, steps, that it is difficult to identify a subsystem 

4>. :? '"" 

which is highly likely to give rise to a fault, and that it is difficult 
to acquire data on a device level or a subsystem level, which are useable 
in a simulation or a modeling which is intended for purpose of improving 
a system performance. 

...95... .th^^ther hand, ^ altho^ is unnecessary in the 

test-facilitating design technique in which a testing circuit is integrated 
within the circuit and simplifies an external access or facilitates the 
testing of the circuit being tested, this technique has problems because 
of increased overhead for the chip area, degradation in the performance 
of the semiconductor integrated circuit being tested which is caused by 
a testing circuit, a fault coverage which is less than desired, an increased 



length^o^Jtime required^ f or ^the^tes^t^^and so forth. 

Thus, there is a demand for a testing method by which the testing 
cost can be reduced and a testing method which is capable of improving- 
the fault coverage for a large-scale semiconductor integrated circuit. 

It is an object of this invention to provide a method for manufacturing 
a semiconductor integrated circuit able to reduce the testing cost or 
able to improve the fault coverage for a circuit being tested. 
Disclosure of the Invention 

According to the method of the invention, a method for /6 
manufacturing a semiconductor integrated circuit with a. multilayer wiring 
structure by repeating a step of stacking wiring layers (an wiring stacking 
step) a plurality of times after the basic elements have been formed is 
characterized Jgjj* ' comprising a testing step of successively testing one 
or more sub-circuits which have been interconnected up to at least one 
or more intermediate wiring stacking steps among the plurality of the 
wiring stacking steps. 

According to this method, the cost of testing a circuit can be reduced, 
the- .£auI&~Gouerage wi^hi4i-t&e..~c^ -a-nd-a-vfault^f ree- 

semiconductor integrated circuit can be manufactured. 

It is desirable, moreover, that the above-mentioned testing step 

in the manufacturing' method of this invention be carried out such that 

J? 

during a 1 st testing step, one or more sub-circuits which have been 
interconnected up to the preceding stacking step be tested, and during 
a succeeding testing step, the interconnection between the sub-circuits 
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be ••fces'teech r^—-* — — — — — — — ..^ * — .... ....... , 

It is also desirable that the above-mentioned testing step in the 
manufacturing method of this invention be carried out such that during 
a relatively earyky testing step of a prescribed stack stage, one or more 
sub-circuits of a relatively small scale which have been interconnected 
by preceding stacking steps be tested, and during a succeeding testing 
step for the final layer, a final functional test of an integrated circuit 
which is finally interconnected be carried out. 

It is desirable, moreover, that the manufacturing method of this 
invention includes a CMP (chemical 4 mechanical polishing) planarizing step 
to planarize a stacking surface before transferring into a succeeding 
stacking step subsequent to. the testing step. 

It is further desirable that the manufacturing method of this invention 
includes testing of the semiconductor integrated circuit by using, the 
test facilitating design technique in the testing step, and subsequent 
removal of a wiring to a testing circuit of the test facilitating design 
technique which is used in the testing step. 

It Is acTd i t T bria ITy t u ring "me tHo d '"oft til s " " 

invention comprises a step of confirming whether or not a prescribed step 
has been completed upon termination of a wiring stacking step, transferring 
to the testing s4&p if the completion has been confirmed, and transferring 
to a next stacking step if the completion has not been completed; 
and a step of confirming whether, or not the steps of manufacturing a 
semiconductor integrate circuit have been completed upon termination of 
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the- 'test iw^step'-and-±xams*erri^ to--«r-wextr*s tacking step-when^the 'Steps- ~ 

are not completed. 

It. is also desirable that the manufacturing method of this invention 
comprises a steg^bf confirming whether or not a prescribed step has been 
completed upon termination of a stacking step, transferring to a 1 st testing 
step which tests a plurality of basic elements or sub-circuits which have 
been formed and interconnected up to the prescribed step when the completion 
is found, and transferring to a next stacking step when the step has not 
been completed; a step of transferring to a next stacking step subsequent 
to the 1 st testing step; a step of confirming whether or not a II 
prescribed wiring stacking step has been completed after the 1 st testing 
step, transferring to a 2 nd testing step which tests an interconnection 
for a plurality of wirings between the plurality of sub-circuits which 
have been connected up to the prescribed stacking step when the step has 
not been completed, and transferring to a stacking step which follows 
the 1 st testing step when the completion is not found; and a step of conf irming 
whether or not steps of manufacturing a semiconductor integrated circuit 
have'Bee^ step which" TEo 1 1 ows'" "~ 

the 1 st testing step when the steps have not been completed. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 i^jTa drawing showing functional blocks of a semiconductor 
integrated circuit having a plurality of sub-circuits ; Figure 2 is a cross 
section showing a multi-layer wiring structure of the semiconductor 
integrated circuit having the plurality of sub-circuits; Figure 3 is a 
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drawing... sMwiag .^.P.lur.aIitY^i..basi.c..loaicAl...gates ..f.ormed„lxy..a.a!.L wiring..., 
layer and signal lines appearing on the stacking surface of the 1 st wiring 
layer; Figure 4 is a drawing showing a plurality of sub-circuits formed 
a 2 nd wiring layer and signal lines appearing on the stacking surface of 
the 2 wiring layer ; Figure 5 is a drawing showing a semiconductor integrated 
circuit formed from an N th wiring layer and signal lines appearing on the 
stacking surface of the N th wiring layer; Figure 6 shows cross sections 
illustrating an example of process steps of an interconnecting step; Figure 
7 shows cross sections illustrating another example of process steps of 
an interconnecting step; Figure 8 is a drawing showing the surface of 
a semiconductor integrated circuit for describing a conventional 
semiconductor integrated circuit testing method; Figure 9 shows cross 
sections illusj^ating a method for testing respective wiring layers which 
represents an essential part of the method for manufacturing a semiconductor 
integrated circuit of this invention; Figure 10 is a drawing showing a . 
semiconductor integrated circuit manufactured by the method for 
manufacturing a semiconductor integrated circuit of this invention; Figure 
11 -is-a- drawing --showing-an: -*^xaai^e-tx£--or^H3it -counter manufactured in • 
the method for manufacturing a semiconductor integrated circuit of this 
invention; Figure 12 is a drawing showing a state' during the manufacture 

of the 16-bit counter where 4-bit counters, which are sub-circuits, are 

J* 

formed; Figure 13 is a drawing showing an example of VCO circuit /8 
having a DFT circuit; Figure 14 is a drawing showing a VCO circuit which 
is reconfigured by the method for manufacturing a semiconductor integrated 
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circuit of this invention; Figure 15 is a drawing showing an example of 
a digital integrated circuit having a DFT circuit; Figure 16 is a drawing 
showing a digital integrated circuit which corresponds to Figure 15 
reconfigured according to the method for manufacturing a . semiconductor 
integrated cijyjsait of this invention; Figure 17 is a flowchart showing 
a processing procedure of the method for manufacturing a semiconductor 
integrated circuit of this invention; Figure 18 is a flowchart showing 
another processing procedure in the method for manufacturing a semiconductor 
integrated circuit of this invention; Figure 19 is a flowchart showing 

a -'yet^nmter- pr&c esslng^:^ iMffiiraer tuf trig - a 

semiconductor integrated circuit of this invention; Figure 20 is a flowchart 
showing still another processing procedure in the method for manufacturing 
a semiconductor^tegrated circuit of this invention; Figure 21 is a flowchart 
showing even yet another processing procedure in the method for manufacturing 
a semiconductor integrated circuit of this invention; and Figure 22 is 
a flowchart showing even still another processing procedure in the method 
for manufacturing a semiconductor integrated circuit of this invention. 
Pref erred ^Embodiment for Carrying out the^Invention 

According to the method for manufacturing a semiconductor integrated 
circuit of this invention, after a prescribed intermediate stacking step 

or in the course: of such step, a test is carried out by placing a probe 

-O • ■ 

in contact witfe^signal line(s) appearing on the stacking surface by using 
a probing means, such as a probe card. For example, a test for the level 
of basic logical gates on the stacking surface of a 1 st . wiring layer as 
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shown in Figure 9(a), a test for the level, of relatively small scale 
sub-circuits on the stacking surface of a 2 nd wiring layer as shown in 
Figure 9(b), or a test for the level of larger scale sub-circuits on the 
stacking surface of an i th wiring layer as shown in Figure 9(c) may take 
place, and as Jfp&quired, a test of an overall semiconductor integrated 
circuit is performed on the stacking surface of an N th wiring layer. 
Furthermore, before the 1 st wiring layer is stacked,- a test for the level 
of basic elements or a measurement of element parameters of basic elements 
may occur, by placing a probe in contact with a substrate. A suitable 

valuenrray-^ ,^,,.^9- 

depending on the scale and the layered structure of the circuit.- 

According to such a method for manufacturing a semiconductor integrated 
circuit of thisJMvention, the cost for testing a semiconductor integrated 
circuit can be reduced. The testing cost will be represented here in 
terms of the number of test patterns. 

An exhaustive test for a semiconductor integrated circuit B shown 
in Figure 10 may be considered. The exhaustive test is a method which 
t £ £ JDu tput _respons es m of a circuit being tested for every coirtbinat ion, 
of signal values at input terminals of the circuit being tested and at 
flip-flops. The semiconductor integrated circuit B comprises 
combinatorial circuits CI, C2 , C3 and C4 which do not contain flip-flops 
and m number oF*f lip-flops circuits Fl, F2, . . . , Fm, all of which represent 
sub-circuits . Assuming the semiconductor integrated circuit B has a number 
of input terminals is defined as t, and numbers of input signal lines 
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of the combinatorial circuits or sub-circuits CI, C2, C3, C4 are defined 



as p, q, r and s, respectively (in the example shown in Figure 10 7 t=7, 
m=8, p=4, q=3, r=5, s = 3) . When the circuit is divided into combinatorial 
circuits and the. flip-flops in the manner mentioned above, there is the 
following relationship between t, m, p, q, r and s: 

t+m^p+q+r+s (1) 
In the exhaustive test of the ^semiconductor integrated circuit B, 
it is necessary to test all the combinations of logical signal values 
in t number of input terminals and m number of flip-flops; hence, the 
number of tests amounts to 2 t+m . Consequently, if a single test" can beT~' 
tested with a single test pattern, the number of test patterns N(B) will 
be 2 t+m . 

N(B)^ +m (2 ) 
On the other hand, according to the method for manufacturing a 
semiconductor integrated circuit of this invention, when a sub-circuit is 
tested each time such a sub-circuit is formed, and similarly , when each flip-flop 
is tested each time it is formed to perform the exhaustive test for the respective 
sub-x:ixcxL±£^ U{ C2 ) . y . N4Cl). y ,U(JC4 ) 7 - N^EX) 

N(F2) , N(Fm) are: 

N(Cl)=2 p (3) /10 

N(C2)=2 q (4) " 

N(C3)=2 r J/ (5) 

N(C4)=2 V (6) 

N(F1)=2 2+1 (7) 
N(F2)=2 2+1 (8) 
N(Fm)=2 2+1 ( 9 ) 
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In addition, because the flip-flop has two inputs and two internal states, 
the number of test patterns therefor will be equal to 2 2+1 . As a consequence" 
the number of test patterns N (Bsub) required to perform the exhaustive 
test for the level of sub-circuits is: 

N(Bsub) = 2 p +2 q +2^2 s +8m (10 ) 
Therefore, the number of test patterns in the testing step used in the 
method for manufacturing a semiconductor integrated circuit of this 
invention can be reduced from the number of test patterns in the conventional 
test for the semiconductor integrated circuit by: 

N-(B*)-»f B€^H*2 — (.2^2 g -i- a - ia?J«mf-. — - - „ 

(According to the equation (1), when t and m are sufficiently large, 
N(B)-N(Bsub) will be positive.) For example, in the example where t=7, 
m=8, p=4, q=3, j&t5 and s=3 , the number of test patterns N (Bsub) for the 
exhaustive test with respect to the 2 nd wiring layer is as small as 120, 
as contrasted to the number of test patterns N (B) =32768 for the uppermost 
layer, the number of test patterns can be reduced as much as 32648 

(approximately 99.6% of N (B) ) . 

. m i£S2Z^J~? t o the me t hod f o r rnanu fact u r i rig a semiconductor integrated 
circuit of this invention, after a test for the level of sub-circuits 
is carried out, the sub-circuits should be tested as to whether they are 
properly interconnected in the testing step for each wiring layer up to 
the uppermost *i^er. Since the interconnection of the wiring being tested 
should be tested by observing the propagated logical signal value, the 
number of test patterns which are required therefor is sufficiently small, 
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as compared with the number of test patterns used in the test of sub-circuits . 

In another example, the functional test of a 16-bit counter comprising 
a semiconductor integrated circuit shown in Figure 11 may be considered. 

The 16-bit counter has four 4-bit counters SI, S2, S3 and S4 as /ll 

AT • 

sub-circuits 



In the functional test of the 16-bit counter, it is necessary to 
see if the 16-bit output properly counts from 0000000000000000 to 
1111111111111111; hence, the test requires a number of clocks (test patterns) 
which is 2 16 =65536. 

- * Qn— fcfee-^ther- ha-n«iv^e<se^i^ manu£ aet-ur-ing —a 

semiconductor integrated circuit of this invention, when a k th wiring layer 
is formed to constitute 4-bit counters (sub-circuits) SI, S2 , S3 and.S4, 

as shown in Figure 12, 'a probe is placed in contact with an input and 
V 

output signal line of each 4-bit counter which appear on the stacking 
surface of the k th wiring layer to perform a functional test of each of 
four sub-circuits SI, S2 , S3 and S4 . At this time, it is only required 
to see if a 4-bit output from each 4bit counter properly counts from 0000 
to 1111 ; - andaccordingly, the test each requires 2 4 =16 clocks ( test patterns ) . 

Consequently, the number of test patterns used in the testing step 
in the method for manufacturing a semiconductor integrated circuit of 
this invention can be reduced from the number of test patterns which are 

r4/ 



necessary when^erf orming a test of 16-bit counter by an amount which 
is equal to 6553 6-4x16=65472 (99.9%). 
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The e£fect of reducing. the testing cost will be more remarkably 
manifested for a large-scale circuit. In addition, such an effect is 
not limited to the exhaustive test or functional test. A similar effect 
can also be obtained for the stuck-at fault test, the delay fault test, 



the quiescent gxlwer supply current test, the transient power supply current 
test, etc. 

In addition, in the method for manufacturing a semiconductor integrated 
circuit of this invention, because each sub-circuit is tested separately 
during the testing step, when a plurality of sub-circuits are constructed, 
these plural sub-circuits may be tested" in parallel, thus' all owing the" 
testing time to be further reduced. Since the sub-circuits operate 
independently from each other unless they are interconnected, as shown. 

i . 

in Figure 4, a j^4iallel test can be made by placing probes simultaneously 
in contact with a plurality of sub-circuits which appear on the same stacking 
surface . 

In addition, according to the method for manufacturing a semiconductor 
integrated circuit of this invention, because a testing step is interposed 

in v t:h^jsouj&^ .the X ^ult^...c;,Qy.a^ge... caa-^. 

be. improved and the reliability of the semiconductor integrated circuit 
can be improved. As the integration level of the circuit is increased, 
the number of stiyck-at faults, which are subject to the stuck-at /12 
fault test, inS^eases, and this combined with the presence of flip-flops 
in a sequential circuit makes access to faulty locations within the circuit 
difficult. That is, because this requires a test pattern, which is used 
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to set respective, flip-flops with prescribed signal values and other test 



patterns which propagate the influence of stuck-at fault to an output 
terminal through a plurality of flip-flops, the number of test patterns 
required to carry out the stuck-at fault test will be enormous, making 
it difficult tjSjSkpply the stuck-at fault test to a large scale integrated 
circuit so that the test can be completed within a practicable length 
of time. Thus, a functional test is applied in place of the stuck-at 
fault test in order to test a large scale integrated circuit, but because 
the functional test is not explicitly designed to test the stuck-at faults, 
it • is^impois^rble'-'to ■■TChreve^-safc^^ coverage' -f or-s tuck -'atr 

faults. 

However, according to the method for manufacturing a semiconductor 
.integrated circuit of this invention, by interposing a testing circuit 

■ V 

in units of sub-circuits when smaller scale sub-circuits are constructed 
during the course of the manufacturing steps, a stuck-at fault test may 
be to be carried put for. each sub-circuit within a practical ■ length of 
time and the fault coverage for the stuck-at faults for the entire circuit 
may be improved. 

In a CMOS integrated circuit , as the miniaturization of circuit elements 
(MOS transistors) and higher integrated of the circuit proceed, leakage 
current from a transistor increases; hence, the quiescent power supply 
current for ther entire chip increases, and an increase in the quiescent 
power supply current which is caused by a single fault cannot be detected. 
Thus, the quiescent power supply current test is -very difficult in the 
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larger scale CMOS integrated circuit . However, according to the method 
f^r'ttt^rsetTOriiir' a semrcona^^ of ThTr invention: 

a test in units of sub-circuits may be performed when smaller scale 
sub-circuits are formed; hence, the quiescent power supply current test 
can be carried^St for each sub-circuit and the rate for detecting 
short-circuit faults and/or leakage faults with respect to the entire 
circuit can be improved. Such an effect is not limited to the stuck-at 
fault test or the quiescent power supply current test; a similar effect 
also can be obtained with respect to the delay fault test, the functional 

tes ,^ L^}}^^^^ s ^ ve ^! e ^ t jL^^? t ^£ ar l s ^ en LJ?2y er SU PP 1 X current test, and 
the like. 

Moreover, according to the method for manufacturing a semiconductor 
integrated circuit of this invention, by performing a test during the 
steps of manuf^turing a circuit, an early detection of defects in 
manufacturing, such as disconnection faults or short-circuit faults, and/or 
malfunctioning which results in an out-of-specification circuit performance , 
and a succeeding testing step or manufacturing steps may be eliminated 
therefor; hence, the testing cost and the manufacturing cost for the 
semiconductor integrated circuit may be reduced. ^7l3 

In addition, according to the method f or manufacturing a semiconductor 
integrated circuit of this invention, a test can be performed in units 

i 

of sub-circuit^when the sub-circuits are constructed or in units of 
sub-systems when these sub-systems (relatively large-scale sub-circuits) 
are constructed so a sub-system or sub-systems can be identified, which 
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are highly likely to give rise to a failure, and such information can 
be utilized to add the test facilitating design technique, the scan design 
technique or the integrated self test (BIST) technique or to improve the 
reliability of the entire system; hence, a lengthy system repair interval 
(a time intervaj^eeded for repairing a faulty system into a -normal system) 
can be reduced. The test facilitating design techniques are described 
by, e.g., M. Abramovici, M. A. Breuer and A.D. Friedman (in chapters 9, 
1°/ 11 of Digital Systems Testing and Testable Design , IEEE Press, New 
York, 1990) . 

.M.oxaojzezw LL„i s.. xieaa s.sary^lx^(^le c .. 1 ^.perf oxmanc e data., such,a^ delay., 

times or current driving capabilities on a device level or on a sub-system 

level,. in a simulation or a modeling to improve system performance. 

According to the r^thod for manufacturing a semiconductor integrated circuit 

of this invention, since a test can be carried out in units of devices 

or units of sub-circuits the steps of manufacturing the circuit, performance 

data at the device level or the sub-system level can be acquired. 

In addition, according to the method for manufacturing a semiconductor 

integrated circuit of this invention, an appropriate test can be applied 

in units of sub-circuits; hence, it is not necessary to insert a testing 

circuit according to the test facilitating design techniques into the 

.integrated circuit, and an area overhead owing to such testing circuit 
J** 

may be reduce^ 

Furthermore , according tot the method for manufacturing a semiconductor 
integrated circuit of this invention allows, by effectively utilizing 
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a CMP (chemical mechanical polishing) planarizing. step, a degradation 
in the performance of the semiconductor Tntegra ted circuit^cau^ 
insertionof the testingcircuit may be prevented even if the test facilitating 
design technique is combined. 

For exampl^, a test facilitating design technique as shown in Figure 
13 has been proposed in order to facilitate a testing of a phase-locked 
loop (PLL) . This method is described by, e.g., F. Azais, M. Renovell, 
Y. Bertrand, A. Ivanov and S. Tabatabaei ("A Unified Digital Test /14 
Technique for PLLs : Catastrophic Fault Covered" Proceedings of 5th IEEE 

intgm£AaaasL ..SignaOwJi^ ..1999) ^ 2&Sb29Z, .jtIujs-™ 

method is one in which two MOSFETs (Ml, M2 ) are inserted as the 

test-facilitating circuit (DFT: Design for Test) between an input stage 

.and an input ofja voltage-controlled oscillator (VCO) which forms the 
J?' 

PLL circuit, during a normal operation, the MOSFET Ml is turned ON while 
the MOSTET M2 is turned OFF, and an input into an output buffer is inputted 
into the input- stage of the oscillator circuit, or a feedback loop FL 
is closed to form the VCO circuit. During the test, the Ml is turned 
0FF .,.^}2^^2^ m2 ...} s Jturi^ed ON to disconnect the feedback loop FL in the 
VCO circuit,, thus activating a path from the input terminal IN to an output 
terminal OUT for carrying out a test. However, since the MOSFET (Ml) 
is inserted int^the feedback loop <FL of the VCO circuit according to 
this procedure, a problem is presented because the resistance of the MOSFET 
lowers the operational speed of the PLL circuit during the normal operation. 
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Vis-a-vis, according to the method for manufacturing a semiconductor 

integrated circuit of this invention, after a wiring layer which connects 

the Ml and M2 as shown in Figure. 13 has been formed, a test was performed 

on the PLL circuit being tested by placing a probe in contact with the 
... , vtr 

wiring m the JPjpL being tested to turn the Ml OFF and to turn the M2 ON, 
and after the PLL circuit being tested has been tested, the wiring to 
the testing circuits Ml and M2 shown in dotted lines may be removed by 
CMP and a new wiring LI shown by solid line may be stacked, as shown in 
Figure 14, to be able to reconfigure a feedback loop in which the Ml is 
removed""' a^TnanuTac€uring" , a" ¥IX"*crrcuIt free 'from "a degr'ada t ion ' in " the" 
performance. In other words, a wiring layer which comprises wirings shown 
by the dotted lines in Figure 14 is formed to provide a circuit arrangement 
shown in Figured^ to perform a test, and upon completion of the test, 
the interconnected layers shown by dotted lines is removed, and a wiring 
layer which forms the wiring LI to constitute the feedback loop is formed 
thereon. The reconfigured. PLL circuit is already tested, and there is 
an assurance that it operates normally. 

- -A£fiS£Jia£ili£a!tjjj^^ 

proposed to facilitate the delay fault test and the stuck-at fault test 
Of a digital integrated circuit. This procedure is described by, e.g., 
K. Arabi, H. Ihs^ C. Dufaza and B. Kaminska ("Digital Oscillation-Test 
Method for Delay and Stuck-at Fault testing of Digital Circuits " Proceedings 
of IEEE International Test Conference (Oct. 1999): 91-100. In this II 
procedure, an input signal line L2 and an output signal line L4 of a signal 
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propagation path being tested of a digital integrated circuit (or more 
generally, a critical path having a long delay time is selected) are connected 
through an XOR gate and a multiplexer in loop form as depicted by the 
thick lines, and during a normal operation, an input TEST of the multiplexer 
is controlled,^ that the feedback loop is deactivated to connect Bl to 
L2 and operate the circuit being tested, and during the test, a multiplexer 
MUX is controlled to connect the output of the XOR gate to the input line 
L2 and define the loop, and the input INV of the XOR gate is controlled 
to form a ring oscillator including an odd number of output inverting 



logical gates (output inverting gates) within the loop and test the delay 
fault and the stuck-at fault on the critical path. Here, the XOR gate 
is used to control the number of output inverting gates on the feedback 
loop by providiij£ u l" for the input INV to operate it as an output inverting 
gate when there is even number of output inverting gates on the critical 
path, and providing "0" for the input INV when there are an odd number 
of output inverting gates on the critical path. For example, in Figure 
15, the number of output ' inverting gates on the critical path is equal 

the multiplexer and the XOR gate are connected to the input and the output 

of the digital semiconductor integrated circuit , there is a problem because 

i 

the propagatiog^e.lay time of the multiplexer MUX and the parasitic- 
capacitance of the XOR gate lower the operational speed of the digital 
semiconductor integrated circuit during normal operation. 



Vis-a-vis, in the method for manufacturing a semiconductor integrated 
circuit of the invention, a testing step is executed when a wiring layer 
which connects the above-mentioned testing circuit MUX, XOR is formed. 
A probe is placed in contact with the wiring in the digital semiconductor 
integrated cirtjjfclt, the required input is applied to test the digital 
semiconductor integrated circuit, and subsequently, the testing circuit 
shown by the dotted lines in Figure 16, namely, the wiring layer leading 
to the MUX and XOR is removed by CMP, and a new input signal line shown 
by a thick solid line is stacked.. By the above process, a digital 
■s-emi-eoTadrue-fcw*! n beg r a^ed^rreui trwM-ch4ra^fo-ee n- t-e s t ed w r t hou t accompany rng— - 
degradation in performance caused by the MUX and XOR can be manufactured. 
Here, the digital semiconductor integrated circuit which is /16 
reconfigured in^fhis manner is already tested, and is assured to operate- 
in a normal manner. 

It is desirable that a semiconductor integrated circuit having a 
multilayered wiring structure which is subject to the manufacture of this 
invention be a damascene wiring structure. A damascene wiring structure 
is .^.?f£5^f£^ Y/ w e ' g ^' A- K. Stamper, T . L . McDevitt, and S.L. Luce 
( u Sub-0 . 25-micron Interconnection Scaling: Damascene Copper versus 
Subtractive Aluminum" IEEE/SEMI Advanced Semiconductor Manufacturing 
Conference , (199,8) : 337-346. The wiring material is not limited to the 
copper (Cu) , b*it may be copper -magnesium (Cu-Mg) . With a semiconductor 
integrated circuit having a damascene wiring structure, subsequent to 
a prescribed stacking step and before transferring to a succeeding stacking 
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step, step of planarizing the stacking surface as shown in Figure 6(g), 



for example,, a CMP planarizing step is performed. According to the 
planarizing step, a miniscule scar of contact, such as a minute dimple, 
which may be formed when a probe is placed in contact therewith during 
the testing ste^at an intermediate stage, which constitutes an essential 
feature of this invention, can be removed; hence/ the testing step from 
out of the manufacturing steps can be executed without affecting the steps 
for manufacturing a semiconductor integrated circuit. 

Moreover, a semiconductor integrated circuit having a multilayer 
wi.ring^4^;^ ,.. Q f _ fefea**iweRfei©a-*,^ 

is not limited to a digital circuit; it may be an analog circuit or a 
mixed signal circuit comprising a mixture of a digital circuit and an 
analog circuit . 2/ 

In addition, a semiconductor integrated circuit having a multilayer 
wiring structure which is subject to manufacture according to the present 
invention is not limited to single substrate semiconductor integrated 
circuit; it may be a semiconductor integrated circuit which is executed 
three- dimensionally by stacking a plurality of sub-substrates. 



Furthermore, the semiconductor integrated circuit having a multilayer 
wiring structure which is subject to the manufacture according to the 
present invention is not limited to a single chip semiconductor integrated 
circuit; itmayjj^a semiconductor integrated circuit obtained by integrating 
a plurality of sub-chips by using a common multi-layer wiring structure. 
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The practical examples of a processing procedure of the method of 



this invention will now be described"! 

Figure 17 shows an example of a processing procedure of the method 
for manufacturing a semiconductor integrated circuit of this invention. 
Firstly, in sfej^p 101, a step of forming basic elements (transistors, 
etc. ) in a semiconductor substrate is performed. In step 102 next, whether 
or not signal lines are formed on a layer surface is confirmed, and 111 
if they are not formed, a wiring stacking step shown in step 103 is used 
to form signal lines, and if the signal lines are formed, the operation 
pr.QCftftriP ..r.a.^ep-J. 0.4.-..:. . . . m _ a 

In step 104, whether or not at least one prescribed step which is 
predetermined during the manufacture is completed is confirmed, and if 
the prescribedj^ep is not completed, the wiring stacking step in step 
103 is repeatecf^and if the prescribed step has been completed, the operation 
proceeds to step 105. The wiring stacking step in step 103 comprises 
a step of stacking a wiring layer for basic elements and sub-circuits 
and may comprise process steps shown in Figure 6, for example. Subsequently, 
in step 105, a plurality of basic elements or sub-circuits which have 
been formed and interconnected up to said step are tested sequentially 
or in parallel. Finally, in step 106, whether or not' the steps of 
manufacturing a semiconductor integrated circuit have been completed is 
confirmed. If.Jfte manufacturing steps have not been completed, the steps 
102, 103, 104 and 105 are repeated, and if the manufacturing steps have 
been completed, the processing ends. The above-mentioned testing step 
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instep 105 may include a test for basic elements , a test for small sub-circuits, 
a test for relatively large~Tub^^ 

interconnection which has been completed thus far, and is carried out 
each time each wiring layer, such as the 2 nd and a subsequent wiring layer 
is formed. Th^^esting of basic elements or sub-circuits may use an 
exhaustive test, a functional test, a stuck-at fault test, a delay fault 
test, a quiescent power supply power current test, a transient power supply 
current test, a parametric test or any other testing method . . In particular , 
a test performed after the formation of each wiring layer subsequent to 

.. t£e.,ij^ _ _ w _ 

Figure 18 shows another example of a processing procedure of the 
method for manufacturing a semiconductor integrated circuit of this 
invention. Firstly, in step 201, a step of forming basic elements (such 
as transistors)^ Ln a semiconductor substrate is performed. Then in step 
202, whether or not signal lines are formed on the surface of the wiring 
layer is confirmed, and if the signal lines are not formed, the signal 
lines are formed in the wiring stacking step (1 st half) in step 203 by 
the process shown in Figures 7(a) to (c) , for example, and if the signal 



lines are formed, the operation proceeds to step 204. Then in step 204, 
whether or not a prescribed step (not limited to one) has been completed 
is confirmed, and if the prescribed step has not been completed, the /18 
operation proc^ds . to the interconnect stacking step (2 nd half) in step 
206. However, if the prescribed step in step 204 has been completed, 
a plurality of basic elements or sub-circuits which have interconnected 
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are te^edjsj^entially or in parallel in step 205. Subsequently, in 
step 206, a wiring stacking step (2 nd half), such as the process shown 
in Figures 7(d) and (e) , is performed to complete the interconnecting 
step. Finally iji step 2 07, whether or not the steps of manufacturing 
a semiconducto^integrated circuit have been completed is confirmed, and 
if- the manufacturing steps have not been completed, the steps 202, 203, 
204, 205 and 206 are repeated, and if the manufacturing steps have been 
completed, the processing ends. In the testing step in step 205, the 
test of basic elements or sub-circuits may use an exhaustive tes t , a functional 
test , a sTu^T^atTau^^ 

current test, a transient power supply current test, a parametric test, 

a wiring connection test or any other testing method.. 

i 

Figure 19^6ows yet another example of a processing procedure of 
the method for manufacturing a semiconductor integrated circuit of this 
invention. Firstly, in step 301, a step of forming basic elements (such 
as transistors) in a semiconductor substrate is performed. Then, in step 
302, a test for the level of basic elements or a parametric test which 
. s ures_thg_e 1 ement parameters of basic elemen t s i s.. jd er £pjaa§£l Thm*_ 
in step 303, signal lines are formed by a wiring stacking step, and in 
step 3 04, whether or not the signal lines are formed on the stacking surface 
is confirmed, and^if the signal lines are not formed, the operation returns 
to step 303, affd if the signal lines are formed, the operation proceeds 
to step 305. In step 305, whether or not a prescribed step (not limited 
to one) has been completed is confirmed. If the prescribed step has not 
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be erf ' compTe CSS , * a" wiri n§H s tacK I ng* aE ^p*TrTs'e'ep * 303" ' is * repeated T and Tf 
the prescribed step has been completed, the operation proceeds to step 
306. The wiring stacking step in step 303 is one where the wiring of 
the basic elem^^^ or sub-circuits is performed by stacking, and comprises 
the process steps as shown in Figure 6, for example. Subsequently, in 
step 306, a plurality of interconnected basic elements or sub-circuits 
are tested sequentially or in parallel. Finally, in step 307, whether 
or not the steps of manufacturing a semiconductor integrated circuit have 
..^.^S^EL^^ i s_c on f i rmed , and i f the manufac t ur ing steps have not been 
completed, the steps 3 03, 3 04, 3 05 and 3 06 are repeated. If the /19 
manufacturing steps have been completed, the processing ends. In the 
testing step in ^s te P 306, a test of basic elements or sub-circuits may 
use an exhaustive test, a functional test, a stuck-at fault test, a delay 
fault test, a quiescent power supply current test, a transient power supply 
current test, a parametric test, a wiring , connection test or any other 
testing method. 



Figure 2 0 shows still another example of a processing procedure of 



the method for manufacturing a semiconductor integrated circuit of this 
invention. Firstly,' in step 501, a step of forming basic elements (such 

as transistors) in a semiconductor substrate is performed. Then, in step 

i 

502, whether o^not signal lines are formed on the stacking surface is 
confirmed, and if the signal lines are not formed, the signal lines are 
formed by the wiring stacking step of step 503, and if the signal lines 
are formed, the operation proceeds to step 504. In step 504, whether 
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or not a prescribed step has been completed is confirmed, and if the prescribed 
step has not been completed, thewiring stacking step of step .503 is repeated, 
and if the prescribed step has been completed, the operation proceeds 
to step 505. Tip wiring stacking step of step 503 is one where the wiring 
for the basic elements or sub-circuits is performed by stacking and which 
comprises the process steps shown in Figure 6, for example. In step 505 
next , a test of theplurality of interconnected basic elements or sub-circuits 
is performed. 

• •Snbs^qnentlT, rn-st^-S^T-anrtXTng-si^rcrkin'g- s-tep is perf ormed agairrT- 
The wiring stacking step of step 506 is a step of forming a wiring layer 

which wires together the plurality of basic elements or sub-circuits that 

i 

have been testej/up to the step 505 to- form a larger scale sub-circuit 
and comprises the process steps shown in Figure 6, for example. In step 
507 next, whether or not signal lines are formed on the stacking surface 
is confirmed, and if the signal lines are not formed, the signal lines 
are formed by the wiring stacking step of step 506. However, if the signal 
lin f s are formed, the operation proceeds to step 508. In step 508, whether 



or not a prescribed stacking step (which is not limited to one) has been 
completed is confirmed, and if the prescribed stacking step has not been 
completed, the stacking step of step 506 is repeated, and if the prescribed 
stacking step-»as been completed, the operation proceeds to step 509. /20 
In step 509, a wiring connection test is performed on a plurality of wirings 
between a plurality of connected sub-circuits up to the stacking step. 
Finally, in step 510, whether or not the steps of manufacturing a 
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semiconductor integrated circuit have been completed is confirmed, and 
if the manufacturing steps have not been completed, the steps 506, 507, 
508 and 509 are repeated, and if the manufacturing steps have been completed, 
the processingrjhds . In the sub-circuit testing step of step 505, a test 
of the basic elements or sub-circuits may use an exhaustive, test, a functional 
test, a stuck-at fault test, a delay fault test, a quiescent power supply 
current test, a transient power supply current test, a parametric test 
or any other testing method. Furthermore, the sub-circuit testing step 
of • s tep- -5-e5--«bove- may- t-esi^-frhe-p-lu^r-a-M by of — Sttb-circtti ts- -sequent dal 3ryr- 
or it may test them in parallel. Similarly, the wiring connection testing 
step of step 509 may test the plurality of wiring connections sequentially 
or it may test thgjrin parallel . It is preferable that the wiring connection 
test of step 509 be performed each time a wiring stacking step which follows 
the step 505 has been completed. In this instance, step 508 may be omitted. 

Figure 21 shows still yet another example of a processing procedure 
of the method for manufacturing a semiconductor integrated circuit of 
this invention - Firstly, ^ ste P SOJ- a step of forming basic elements 
(such as transistors) on the semiconductor substrate during the steps 
of. manufacturing a semiconductor integrated circuit is performed. In 
step 602 next, whether or not signal lines are formed on the stacking 

■ 

surface is confirmed, and if the signal lines are not formed, the operation 
proceeds to a wiring stacking step of step 605, and if the signal lines 
are formed, the operation proceeds to step 603. In step 603, whether 
or not a prescribed step (which is not limited to one) has been completed 



is performed, and if the prescribed step has not been completed, the operation 
proceeds to the wiring stacking step of step 605, and if the prescribed 
step has been completed, the operation proceeds to step 604. In step 
.604, a test ofe^the plurality of the interconnected basic elements or 
sub-circuits is performed. 

Then in step 605, a wiring stacking step is performed for form signal 
lines on the surface of the wiring layer. It is to be noted that the 
wiring stacking step of step 605 is one in which a wiring between the 
'basic elements' of~suB-~circuit is perJoraieOTys i'tackTh'g, arid "which* c6*mpr is ™ 
the process steps shown in Figure 6, for example. In step 606 next, whether 

or not the steps of manufacturing a semiconductor integrated circuit /21 

i — — 

have been complied is confirmed, and if the manufacturing steps have 
not been completed, the steps 602, 603, 604 and 605 are repeated, and 
if the manufacturing steps have been completed, the operation proceeds 
to step 607. Finally, in step 607, a final functional test (functional 
test) of finally integrated semiconductor integrated circuit is performed 
P.9. . e ad the.j p rpc ess ing., . .In^he ...sub-circuit testing. . s t ep._ o f..., s.t ep., 6 0.4 ,_a _ 
test of the basic elements or sub-circuits may use an exhaustive test, 
a functional test, a stuck-at fault test, a delay fault test, a quiescent 
power supply curyt tes t , a transient power supply current tes t , a parametric 
test or any otTifr testing method. Furthermore, the sub-circuits testing 
step of step 604 may test the plurality of sub-circuits sequentially or 
it may test them in parallel. Moreover,, the final functional testing 
step of step 606 may use a Resting method other than the functional test, 



~r<r 
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as needed. The final test of step 607 may be performed by placing a probe 
in contact with a bonding pad on the semiconductor integrated circuit, 
or may be performed on a packaged semiconductor integrated circuit. 

Figure 22»<Bhows even yet another example of a processing procedure 
of the method for manufacturing a semiconductor integrated circuit of 
this invention. Firstly, in step 801, a step of forming basic elements 
(such as transistors) on a semiconductor substrate is performed. Then, 
in step 802, whether or not signal lines are formed on the wiring surface 
is "conrirmeoTr ana" iTH:he"s^harT:Tn1fs^ *tKe~ signal Tines"""**" 

is formed by a wiring stacking step of step 803, and if the signal lines 

are formed, the operation proceeds to step 804. In step 804, whether 

i 

or not a prescrj^fed step (which is not limited to one), has been completed 
is confirmed, and if the prescribed step has not been completed, the wiring 
stacking step of step 803 is repeated, and if the prescribed step has 
been completed, the operation proceeds to step 805. 

Here, the wiring stacking step of step 803 is one in which the wiring 
. £ P r the basic elements or sub-circuits is performed by stacking and compri aes 
the process steps shown in Figure 6 , for example. In step 805 next, a 
test of the plurality of basic elements or sub-circuits which have been 
formed and interconnected is performed. In step 806 next, a CMP . /22 
planarizing st^p* is performed. The purpose of CMP planarizing step 806 
is to remove minuscule scars of contact which may be formed when a probe 
is placed in contact at the testing step 805 or to remove a wiring to 
the testing circuit for. the test facilitating design technique used in 
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the testing step 805. Finally, in step 807, whether or not the steps 
of manufacturing a semiconductor integrated circuit have been completed 
is confirmed, a^d if the manufacturing steps have not been completed, 
the steps 802,lfo3, 804, 805 and 806 are repeated, and if the manufacturing 
steps have been completed, the processing ends. In the testing step of 
step 805, the test of the basic elements or the sub-circuits may use an 
exhaustive test, a functional test, a stuck-at fault test, a delay fault 
test, a quiescent power supply current test, a transient power supply 



current test, a parametric test, a wiring connection test or any other 
testing method. Furthermore, the testing step of step 805 may test the 
plurality of sub-circuits sequentially or it may test them in parallel. 

The wirin^stacking step in steps 503 and 506 in Figure 20, step 
605 in Figure 21 and step 803 in Figure 22 may use the process shown in 
Figure 7. In this case, the wiring stacking step may be divided into 
a l sc -half step and a 2 nd -half step, as shown in the practical example 
in Figure 18, and a case in which the test is performed at a prescribed 
'•s-tepr i-L may 1 be gerfona ed- aTLfei Um o om plet i w~er -the- *T su -KaTTf ~s-eep7 - s.m 
may be followed by the 2 nd -half step. 

As described above, according to the method for manufacturing a 
semiconductor j^pegra ted circuit of this present invention, a semiconductor 
integrated circuit having a multilayer wiring structure is tested in units 
of sub-circuits may be performed from out of the steps of manufacturing 
the circuit; hence the number of test patterns and the testing cost can 
be reduced to provide a significant improvement in the economical advantages 
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of a large-scale semiconductor integrated circuit testing 

In addition, according to the method for manufacturing a semiconductor 

integrated cir^it of this invention, a test from out of the steps of 

manufacturing a circuit on a semiconductor integrated circuit having, a 

multilayer wiring structure is done in units of sub-circuits; hence, a 

testing method inapplicable to a large-scale integrated circuit to be 

used can be applied, thus significantly, improving the fault coverage. 

" ' ~ A-cc-oTrdiTrg terthennet^ i n g -gr semi c ondtrctror"±rrtegr a tred^-'^ 

circuit of this invention as well, by performing a test in units of 

sub-circuits from out of steps for manufacturing a semiconductor integrated 

i ; 
circuit having aritflti layer wiring structure thereon, the test- facilitating 

design technique for improving the ease of testing sub-circuits /23 

becomes unnecessary; hence, an area overhead for the testing circuit can 

be reduced to null. 

Moreover, according to the method for manufacturing a semiconductor 
integrat ed cir cuit of this invention, by performing a test in units of 
sub-circuits from out of the steps of manufacturing a circuit on a 
semiconductor integrated circuit having a multilayer wiring structure, 
a parallel testii^g of wirings between the sub-circuits or between a system 
and sub-circui4*B ' dn the same chip as the system functions can be done, 
and the testing time and testing cost can be reduced and semiconductor 
integrated circuit free of faults can be manufactured in a short time. 

In addition, according to the method for manufacturing a semiconductor 
integrated circuit of this invention, by doing a test in units of sub-circuits 
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from out of the steps of manufacturing a circuit on the semiconductor 
integrated circuit having .a multilayer wiring structure; early detection 
of defects in majjfpaf acturing, such as disconnection faults or short-circuit 
•fault, and malfunctioning so as to cause an out-of-specification circuit 
performance is enabled, and the testing cost and cost for manufacturing 
the semiconductor integrated circuit may be reduced. 

Furthermore , according to the method for manufacturing a semiconductor 
- intag^^-ed^i^c u i«t o £ --thi^-ave^i^^ un i t s-e-f -s**b~ ei-reu ifrs— 

from out of the steps of manufacturing a circuit on a semiconductor integrated 
circuit having a multilayer; wiring structure, sub-systems which are highly 
dangerous in coping failures can be identified, and such information 
may be used to adding the test facilitating design technique or to improve 
the reliability of the overall system, a lengthy system repair interval 
(an interval for repairing a faulty system as a normal system) can be 
reduced. 

Also, according to the method for manufacturing a semiconductor 



integrated circuit of this invention, by doing a test in units of sub-circuits 
from out of the steps of manufacturing a circuit on a semiconductor integrated 
circuit having a, multilayer wiring structure, performance data, such as 
delay times oi^Current driving capabilities on the device level or the 
subsystem level required in a simulation or modeling to improve the system 
performance can be acquired, 

Moreover, according to the method for manufacturing a semiconductor 
integratedcircuit of this invention, by doinga test in units of sub-circuits 
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from out of the steps of manufacturing a circuit on a semiconductor integrated 

circuit with a multilayer wiring structure, acceptable components which 

i 

satisfy KGD (ka^&n good die) standard demands can be ensured after the 
final test, and the KGD cost can be reduced drastically. 

In addition, according to the method for manufacturing a semiconductor 
integrated circuit of this invention, even if the test facilitating /24 
design technique is combined with a semiconductor integrated circuit having 

the test facilitating design technique has been used. to perform a test, 
the wiring for the testing circuit which is used in the testing step may 
be removed by utilizing a CMP (chemical mechanical polishing) planarizing 
step to reconfigure the circuit, and degradation in the performance of 
the semiconductor integrated circuit being tested caused by the test 
facilitating design technique can be prevented. 

Claim (s) /25 

1. A method for manufacturing a semiconductor integrated circuit 
by performing a wiring stacking step a plurality of times after forming 
basic elements; said method for manufacturing a semiconductor integrated 
circuit characterized by comprising a testing step of testing one or more 
basic elements^nd sub-circuits interconnected in at least one or more 
wiring stacking steps among the plurality of the wiring stacking steps. 

2 . The method for manufacturing of a semiconductor integrated circuit 
of Claim 1; said method for manufacturing a semiconductor integrated circuit 
characterized by comprising a 1 st testing step of performing a test on 
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at least one interconnected basic element or sub-circuit and a 2 nd step 

of performing an interconnection test on the wiring between the 

i 

above-mentione^basic element or sub-circuit on the basis of the wiring 
stacking step after the l sC testing step thereof 

3 . The method for manufacturing of a semiconductor integrated circuit 
of Claim 1; said method for manufacturing a semiconductor integrated circuit 
characterized by comprising a planarizing step to planarize a stacking 

,.s,ur£a cfi b eff ffp trans.farxijig_^,.a_.saacc^ed±Qg..s.tacking .step...^ubs.equent ,.to, J . 
the above-mentioned testing step. 

4 . The method for manufacturing of a semiconductor integrated circuit 
of Claim 1; saidm|£hod for manufacturing a semiconductor integrated circuit 
characterized by comprising a step of removing the wiring to the testing 
circuit according to a test-facilitating design technique used in the 
above-mentioned testing step after performing testingof the above-mentioned 
semiconductor integrated circuit using the test-facilitating design 
technique in the above-mentioned testing step. 

5 . The method for manufacturing of a semiconductor integrated circuit 
of Claim 1 ; said method for manufacturing a semiconductor integrated circuit 
characterized by comprising a step of confirming whether or not a prescribed 
step has been c^Smpleted upon the ending of a wiring stacking step, a step 
of transferring into a succeeding testing step if the above-mentioned 
prescribed step has ended, a step of confirming whether or not the step 
of manufacturing the semiconductor integrated circuit has ended, and if 
it has ended, transferring into a subsequent stacking step. 
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6 . The method for manufacturing of a semiconductor integrated circuit 

of Claim 1 ; said method for manufacturing a semiconductor integrated circuit 

characterizedtejfcomprisingastepof confirming whether or not the prescribed 

step has ended upon ending of the stacking step, transferring into a testing 

process (1 st testing step) on a plurality of basic elements and sub-circuits 

formed and interconnected thus far if it is confirmed that the above-mentioned 

prescribed test has ended, and transferring into the subsequent stacking 

s t ep " TF the prescr.i^eci - test has^oT" ended; a "it ep of" ' t r ans'fe f H 'ng ~ : TiT 

into a subsequent wiring stacking step if the above-mentioned 1 st testing 

step has ended; a step of confirming whether or not the prescribed stacking 

i 

step has ended^^bsequently , and if it is confirmed that the prescribed 
. stacking step has ended, transferring into a 2 nd testing step of performing 
an interconnection test on a plurality of wirings between a plurality 
of sub-circuits connected thus far, and transferring to the subsequent 
stacking step if the prescribed stacking steps has not ended; and a step 
, P.f . confi S2iSa. wh fJ;h$ thj= emj £pndy,g tpj;_„ 

integrated circuit has ended upon ending of the above-mentioned 2 nd testing 
step, and if it has not ended, transferring into the subsequent stacking 
step after the ^bove -mentioned 1 st testing step. 

7 . The meCKod for manufacturing of a semiconductor integrated circuit 
of Claim 1; said method for manufacturing a semiconductor integrated circuit 
characterized by comprising a step of confirming whether or not a prescribed 
step has ended in the l st -half step of the above-mentioned stacking step 
has ended, and if the prescribed step has not ended, transferring into 
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a 2 nd -half step of the stacking step thereof, and if it is confirmed that 
the prescribed st^p has ended, transferring into the above-mentioned testing 
step; a step of transferring into the 2 nd -half of the above-mentioned stacking 
step if the above-mentioned testing step ends; and a step of confirming 
whether or not a step of manufacturing a semiconductor integrated circuit 
has ended if the 2 nd -half step of the 1 above-mentioned stacking step ends, 
and if it has not ended, transferring into the l st -half step of the subsequent 
stacking step. 

8. The method for manufacturing of a semiconductor integrated circuit 
of Claim 1 ; said method for manufacturing a semiconductor integrated circuit 
characterized J^comprising a final testing step of performing a final 
function test on the stacking circuit finally interconnected in a final 
stacking step. 

9 . The method for manufacturing of a semiconductor integrated circuit 
of Claim 1 / said method for manufacturing a semiconductor integrated circuit 
charatrtnei^^ 

the above-mentioned basic elements before the above-mentioned wiring 
stacking step after the above-mentioned formation of the basic elements. 

J- 



J- 
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